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Description

FIELD OF THE INVENTION

[0001] The present application relates to electronic toll
collection (ETC) systems and, in particular, to a method
and system for measuring RF-margin in an ETC system.

BACKGROUND OF THE INVENTION

[0002] In Electronic Toll Collection (ETC) systems, Au-
tomatic Vehicle Identification (AVI) is achieved by the
use of Radio Frequency ("RF") communications between
roadside readers and transponders within vehicles. Each
reader emits a coded identification signal, and when a
transponder enters into communication range and de-
tects the reader, the transponder sends a response sig-
nal. The response signal contains transponder identifi-
cation information, including a unique transponder ID. In
the United States, current AVI RF communication sys-
tems are licensed under the category of Location and
Monitoring Systems (LMS) through the provisions of the
Code of Federal Regulations (CFR) Title 47 Part 90 Sub-
part M.
US 2010/0237998 A1 describes the use of transponder-
specific RF communication parameters for individual
transponders, stored in a database of the reader. The
parameters are adjusted according to past communica-
tion results.
[0003] Current ETC systems can be classed as either
lane-based or open-road.
[0004] In a lane-based system, vehicles are laterally
constrained by physical means, such as barriers between
lanes, so as to prevent a vehicle from changing lanes
while in the communication zone. The reader controls
reader channels, each of which corresponds to RF cov-
erage of an individual vehicle lane. In certain lane-based
systems the capture zone is typically designed to be less
than one car length in length (for example, approximately
2.4 meters (8 ft long) and 3 meters (10 feet) wide. Thus,
when a vehicle with a transponder passes through a cap-
ture zone, the vehicle location is easily associated with
the specific lane at that instant in time, and the short
length of the zone allows for accurate timing alignment
with the vehicle detection imaging systems.
[0005] Open-road systems in contrast allow traffic to
free flow without impediment of lane barriers. Although
many open-road systems have capture zones similar in
size to those used in lane-based systems, the vehicles
are not constrained to a particular lane. For example,
they can be mid-way between two lanes, and need not
be traveling parallel to the lanes. For example, a vehicle
may be changing lanes as it passes through the toll area.
[0006] Open-road systems may employ more chan-
nels than lanes to provide overlapping or staggered RF
capture zones over multiple lanes. The reader analyses
detections from multiple capture zones to determine to
which zone to assign the vehicle location. This is some-

times referred to as a "voting" algorithm, since the capture
zone that receives the most responses from a transpond-
er indicates the corresponding vehicle’s likely location.
An example of such an ETC system in described in US
Patent No. 6,219,613, which is owned in common here-
with.
[0007] When an ETC system is first installed, whether
it be lane based or open-road, RF-link margin tests are
performed as part of what is referred to as a "lane tuning"
process. Lane tuning aims to calibrate the RF power
transmitted by the each antenna controlled by the reader.
The RF link margin reflects the amount of additional RF
attenuation that can be tolerated between the reader and
a given transponder before communications become un-
reliable. In an ETC system, a balanced RF margin is de-
sired for optimal performance. Too high a RF margin may
cause undesired "cross-lane" reads whereby a trans-
ponder is triggered in an adjacent lane, which may affect
the localization accuracy. On the other hand, an RF mar-
gin that is too low results in unreliable, and possibly no,
communication with some vehicle/transponder combina-
tions. Therefore a balanced RF margin is sought when
first installing an ETC system.
[0008] Lane tuning typically includes the generation of
a static RF margin map, whereby the RF margin is de-
termined at multiple points within the capture zone. The
RF margin can be determined by the use of a physical
variable attenuator, or digitally controlled variable atten-
uator, whereby attenuation is increased up to the point
at which communication between a reader antenna and
a transponder mounted in a stationary vehicle ceases. If
the ETC system is downlink limited (when there is greater
transponder to reader uplink margin versus reader to
transponder downlink margin), as is assumed in the fol-
lowing description, a common attenuator that applies to
both transmit and receive paths measures the downlink
margin. Lane tuning may also involve determining a dy-
namic peak RF margin, whereby the maximum RF mar-
gin is recorded as a vehicle drives through a capture zone
multiple times. The process requires an operator to be
on-site with a test vehicle and a reference transponder,
and requires the lane under test to be closed to traffic.
[0009] Over time, the RF margin can change (it typi-
cally decreases due to component degradation, weather,
or other factors), which negatively impacts the commu-
nications link between the reader and transponder. One
option is to periodically re-test the lance tuning by repeat-
ing all or part of the activities performed when a lane is
initially commissioned. For example, a dynamic margin
test can be re-performed; however, this requires that the
corresponding lane be closed to traffic for the duration
of the test, which under current procedures can take
hours to complete.
[0010] Some ETC systems may employ RSSI (Re-
ceived Signal Strength Indication) in the receiver block
of a reader RF module in order to estimate RF link margin.
The present invention describes a method which is not
dependent on measuring received signal strength at the
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reader.
[0011] It would be advantageous to provide for im-
proved processes and systems for RF-link margin testing
in an ETC system, especially one suited to vehicles trav-
elling at highway speeds.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Reference will now be made, by way of exam-
ple, to the accompanying drawings which show embod-
iments of the present invention, and in which:
[0013] Figure 1 shows, in block diagram form, an ex-
ample electronic toll collection (ETC) system;
[0014] Figure 2 diagrammatically illustrates a series of
successful communication handshakes between a read-
er antenna and a vehicle mounted transponder within a
capture zone;
[0015] Figure 3 shows an example RF static map plot
of the capture zone, showing available RF margin at se-
lected distances from the reader antenna;
[0016] Figure 4 shows, in block diagram form, compo-
nents in an example ETC reader;
[0017] Figure 5 shows communication handshakes
designated for performing margin test samples;
[0018] Figure 6 shows, in flowchart form, a method for
performing a highway speed margin test; and
[0019] Figure 7 shows, in flowchart form, a method of
generating the list of candidate transponders for margin
testing.
[0020] Similar reference numerals are used in different
figures to denote similar components.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0021] In one aspect, the present invention is directed
to a method of testing RF margin in an electronic toll
collection system having a capture zone according to
claim 1 In another aspect, the present invention is direct-
ed to an electronic toll collection system, including a read-
er and an antenna defining a capture zone in a roadway
according to claim 15.
[0022] Other aspects and features of the present in-
vention will be apparent to those of ordinary skill in the
art from a review of the following detailed description
when considered in conjunction with the drawings.
[0023] Reference is first made to Figure 1, which
shows, in block diagram form, an example electronic toll
collection (ETC) system 10. The ETC system 10 is em-
ployed in connection with a roadway 12 having one or
more lanes for vehicular traffic. The arrow indicates the
direction of travel in the roadway 12. For diagrammatic
purposes, a vehicle 22 is illustrated in the roadway 12.
In some instances, the roadway 12 may be an access
roadway leading towards or away from a toll highway. In
other instances, the roadway 12 may be the toll highway.
[0024] Vehicle 22 is shown in Figure 1 with a trans-
ponder 20 mounted to the windshield. In other embodi-
ments, the transponder 20 may be mounted in other lo-

cations. For example, it may be mounted on or near the
license plate area of the front bumper area of the vehicle.
[0025] The ETC system 10 includes antennas 18 con-
nected to an automatic vehide identification (AVI) reader
17. The reader 17 generates signals for transmission by
the antennas 18 and processes signals that are received
by the antennas 18. The reader 17 includes a processor
35 and one or more radio frequency (RF) modules 24
(one is shown for clarity). In many implementations, each
antenna 18 may have a dedicated RF module 24; al-
though in some embodiments an RF module 24 may be
shared by more than one antenna 18 through time mul-
tiplexing.
[0026] The antennas 18 are directional transmit and
receive antennas which, in the illustrated embodiment,
are oriented to define a series of capture zones 26 ex-
tending across the roadway 12 in an orthogonal direction.
The arrangement of capture zones 26 define the com-
munication zone within which toll transactions are con-
ducted using an ETC communications protocol. Although
figure 1 shows one antenna 18 centered in each lane of
the roadway 12, in many embodiments the ETC system
10 also includes antennas 18 between each of the lanes,
i.e. straddle antennas positioned approximately above
the lane divisions to provide overlapping coverage with
the mid-lane antennas.
[0027] The ETC system 10 may operate, for example,
within the industrial, scientific and medical (ISM) radio
bands at 902-928 MHz. For example, the ETC system
10 may conduct communications at 915 MHz. In other
embodiments, other bands/frequencies may be used, in-
cluding 2.4 GHz, 5.9 GHz, etc.
[0028] The ETC system 10 may operate using active,
passive, or semi-passive transponders. In general, an
active transponder is battery powered andgenerates and
transmits a response signal when it detects a trigger sig-
nal broadcast from one of the antennas 18. A passive
transponder relies upon a continuous wave RF signal
broadcast by one of the antennas 18 to wake-up the cir-
cuitry of the transponder and it then uses backscatter
modulation of the continuous wave RF signal to transmit
a response signal to the antenna 18. A semi-passive
transponder is similar to a passive transponder but may
include a battery to provide power for transponder func-
tions not related to receiving and transmitting RF signals
(for example to power user interface features such as
indicator lights). In either case, the ETC system 10, and
in particular the reader 17 and antennas 18, continuously
poll the capture zones 26 using time division multiplexing
to avoid interference in overlapping capture zones 26.
The polling may take the form of sending a trigger or
polling signal and awaiting a response signal from any
transponder that happens to be within the capture zone
26.
[0029] In the ETC system 10, vehicles are first detected
when they enter the capture zones 26 and the vehi-
cle-mounted transponder 20 responds to a trigger or poll-
ing signal broadcast by one of the antennas 18. The fre-
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quency of the polling is such that as the vehicle 22 travers-
es the capture zones 26, the transponder 20 receives
and responds to trigger or polling signals from the reader
17 a number of times. Each of these polls-responses may
be referred to as a "handshake" or "reader-transponder
handshake" herein.
[0030] Once the reader 17 identifies the transponder
20 as a newly-arrived transponder 20 it may begin the
process of an ETC toll transaction. An ETC toll transac-
tion may include programming the transponder 20
through sending a programming signal that the trans-
ponder 20 uses to update the transponder information
stored in memory on the transponder 20. The ETC toll
transaction may further include debiting an account bal-
ance by a toll amount, in some implementations. In some
cases, the ETC toll transaction also includes lane assign-
ment, which typically occurs later in the capture zone
after multiple handshakes have occurred. The ETC toll
transaction may also include transmitting a transaction
report from the reader 17 to a roadside controller 30. In
some cases, the ETC toll transaction may include other
operations.
[0031] The ETC system 10 further includes an enforce-
ment system. The enforcement system may include a
vehicle imaging system, indicated generally by the ref-
erence numeral 34. The vehicle imaging system 34 is
configured to capture an image of a vehicle within the
roadway 12 if the vehicle fails to complete a successful
toll transaction. The vehicle imaging system 34 includes
cameras 36 mounted so as to capture the rear license
plate of a vehicle in the roadway 12. A vehicle detector
40 defines a vehicle detection line 44 extending orthog-
onally across the roadway 12. The vehicle detector 40
may include a gantry supporting a vehicle detection and
classification (VDAC) system to identify the physical
presence of vehicle passing below the gantry and oper-
ationally classifying them as to a physical characteristic,
for example height. In some example embodiments, the
vehicle detector 40 may include loop detectors within the
roadway for detecting a passing vehicle. Other systems
for detecting the presence of a vehicle in the roadway 12
may be employed.
[0032] The imaging processor 42 and vehicle detector
40 are connected to and interact with the roadside con-
troller 30. The roadside controller 30 also communicates
with remote ETC components or systems (not shown)
for processing ETC toll transactions. The roadside con-
troller 30 receives data, such as a transaction report, from
the reader 17 regarding the transponder 20 and the pres-
ence of the vehicle 22 in the roadway 12, such as its lane
assignment. The roadside controller 30 may perform as-
pects of the ETC toll transaction which, in some embod-
iments, may include communicating with remote systems
or databases. On completing a toll transaction, the road-
side controller 30 may instruct the reader 17 to commu-
nicate with a transponder 20 to indicate whether the toll
transaction was successful. The transponder 20 may re-
ceive a programming signal from the reader 17 advising

it of the success or failure of the toll transaction and caus-
ing it to update its memory contents. For example, the
transponder 20 may be configured to store the time and
location of its last toll payment or an account balance.
[0033] The roadside controller 30 further receives data
from the vehicle detector 40 regarding vehicles detected
at the vehicle detection line 44. The roadside controlled
30 controls operation of the enforcement system by co-
ordinating the detection of vehicles with the position of
vehicles having successfully completed a toll transaction.
For example, if a vehicle is detected in the roadway at
the vehicle detection line 44 in a particular laneway, the
roadside controller 30 evaluates whether it has commu-
nicated with a vehicle that has completed a successful
toll transaction and whose position corresponds to the
position of the detected vehicle. If not, then the roadside
controller 30 causes the imaging processor 42 to capture
an image of the detected vehicle’s license plate.
[0034] It will be appreciated that the roadside controller
30 must have reasonably accurate information regarding
the position of each of the vehicles in the roadway 12 for
which it is conducting toll transactions. Without accurate
and timely positional information regarding each of the
vehicles, the roadside controller 30 is unable to correlate
the position of those vehicles with vehicles detected by
the vehicle detector 40.
[0035] As the vehicle nears the end of, or leaves, the
capture zone 26, the reader 17 or roadside controller 30
determines the vehicle’s position within the roadway 12.
This allows the roadside controller 30 to coordinate de-
tection of the vehicle by the vehicle detector 40 with
known vehicles in the roadway. It may be noted that only
one vehicle is present in a particular capture zone 26 at
any one time in this embodiment.
[0036] In some cases, the vehicle position is deter-
mined based on a "voting" algorithm that counts the
number of handshakes (read and responses) between
the transponder 20 and each antenna 18. Based on the
relative number of handshakes between the transponder
20 and the various antennas 18, the reader 17 or the
roadside controller 30 is able to determine the likely po-
sition of the vehicle in the roadway 12. This is sometimes
referred to as a "lane assignment".
[0037] Reference is now made to Figure 2, which dia-
grammatically illustrates a pattern of handshakes within
a capture zone 26 for a transponder traveling at highway
speed in an open road toll system. Although the capture
zone 26 in this embodiment is illustrated as an ellipse
with the direction of travel along the major axis, it will be
understood that the direction of travel may be different
(e.g. along the minor axis as illustrated in Figure 1) and
the actual shape of the capture zone 26 may vary and
be non symmetrical based on variety of factors including
antenna patterns of both the roadside antenna and the
antenna within the transponder, transponder mounting
locations, vehicle geometry, etc.).
[0038] As shown in Figure 2, the capture zone 26 illus-
trates the general area within which the antenna 18 (and,
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hence, the reader 17) is able to communicate with trans-
ponders under normal conditions. It will be noted that
when a transponder traveling at highway speed first en-
ters the capture zone 26, there is an initial read, as indi-
cated by reference numeral 50. The response signal sent
by the transponder in reply to the trigger or polling signal
contains the transponder identifier or ID. from this, the
reader 17 is able to determine that this is a newly-detect-
ed transponder. The reader 17 may then go on to poll
other capture zones 26 in its normal cycle. Meanwhile,
it (or the roadside controller 30) may initiate conduct of
the toll transaction for the newly-detected transponder.
[0039] When the reader 17 re-polls the present capture
zone 26, the transponder again responds with a response
signal, and the reader 17 (presuming it is ready to do so)
may send a programming signal as part of the toll trans-
action. This programming signal causes the transponder
to update its memory content (for example, time and toll
plaza identification) It may also perform a "verify" oper-
ation in some embodiments, which is essentially a
re-reading of transponder memory to determine whether
the transponder successfully updated its memory in ac-
cordance with the programming signal. This may be re-
ferred to as a read-program-verify or RPV handshake.
The RPV handshake is indicated by reference numeral
52. Although Figure 2 illustrates this as occurring in a
single handshake, in some embodiments the verification
may occur in a later handshake (i.e. a subsequent cycle
through the antennas 18 / capture zones 26). In some
embodiments, the transponder programming (RPV) op-
eration may be disabled; this is known as a "read-only"
ETC system. In such a read-only ETC system the reader
does not attempt to modify the transponder’s memory as
it travels through the capture zone.
[0040] After the RPV operation occurs, the transpond-
er continues to traverse the capture zone 26 at highway
speed. Subsequence cycles of the reader 17 protocol
will result in the broadcast of trigger or polling signals in
the capture zone 26, to which the transponder will re-
spond with a response signal, as indicated by read hand-
shakes 54a to 54g. Based on the transponder ID in the
response signal, the reader 17 will recognize that this
transponder has already conducted a successful RPV
transaction so it will not initiate a further RPV transaction.
Nevertheless, it will track the number of responses re-
ceived from this transponder in this capture zone 26 in
order to perform lane assignment. Note that lane assign-
ment may be performed by the reader 17 or the roadside
controller 30. For the purposes of the present discussion,
it is assumed that the reader 17 performs this function;
however, it will be appreciated that this may be performed
by the roadside controller 30 or even by a separate com-
ponent.
[0041] Reference is now made to Figure 3, which
shows an example plot 100 of RF-link margin measure-
ments for an antenna in an ETC system. The plot 100
illustrates the RF margin measurement, i.e. the amount
by which the RF-link may be attenuated before failure-

to-read. The x-axis indicates the longitudinal distance of
the transponder from the antenna, ranging from the be-
ginning of the capture zone at approximately 12 feet from
the antenna to the end of the capture zone at approxi-
mately 2 feet past the antenna. The plot 100 gives a rough
indication of the antenna pattern in terms of signal
strength at the given distances from the antenna. In par-
ticular, the y-axis indicates the downlink margin in dB.
[0042] It will be noted that in this example, the antenna
is unable to detect a transponder, i.e. has no margin, at
more than 12 feet from the antenna. The direction of trav-
el is along the x-axis. It will be noted that there is a dip
in the pattern, as indicated by reference numeral 102, at
about 6 feet from the antenna. The peak 104 occurs about
4 feet from the antenna. The antenna loses margin after
the peak and loses communication with the transponder
entirely at about 2 feet past the antenna.
[0043] When first installing the ETC system and con-
figuring the antennas and reader, lane tuning is per-
formed to confirm that the transmitted power at each an-
tenna 18 is optimized for the particular environment. Too
much transmitter power results in anomalies such as trig-
gering a transponder earlier than desired (sometimes
called a "skip read"), or triggering a transponder in an
adjacent lane. Too low a transmitted power results in
unreliable communication with certain vehicle and trans-
ponder combinations. Attenuation may then be inserted
in the RF-link, such as between the reader 17 and an-
tenna 18, to obtain a desired output power level. Gener-
ation of a RF static map then confirms the peak level and
where the capture zone 26 begins and ends. In some
cases, this may be set via a fixed attenuator external to
the reader. In some cases, the fixed attenuation is set
via a digitally controlled attenuator within the RF module
24 or within the reader 120. In other cases this may be
a combination of both.
[0044] A static margin test normally conducted upon
installation involves an operator positioning a test vehicle
with a vehicle-mounted reference transponder at a
known distance from the antenna. As the test vehicle is
stationary, the lane must be closed to other traffic for
safety reasons. An external variable attenuator is used
to attenuate both the downlink and uplink RF signal. The
reader interrogates the transponder, which responds if it
detects the polling or trigger signals. Starting with high
attenuation, the operator progressively decreases the
level of external attenuation (while the reader repeats the
polling operation) until the reader detects the response
signal from the transponder. At this point the level of the
variable attenuator is noted and the attenuation value
indicates the margin at that distance from the antenna,
i.e. the amount by which the RF signal can be attenuated
before communications fail. Multiple iterations may be
performed to ensure accurate results. The vehicle is then
advanced a short distance (for example by 1 ft.), and the
above process repeated at each desired distance from
the antenna until a plot, such as plot 100 in Fig. 3, is built
up. Note that the RF margin varies according to the po-
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sition of the vehicle within the capture zone. Sometimes,
additional lateral vehicle positions are mapped, in addi-
tion to the center-line position where the vehicle travels
directly beneath the antenna.
[0045] Conducting a margin test subsequent to instal-
lation is invasive, since it requires that a lane be closed
to traffic for an extended period of time so that the
above-described manual testing can be performed. At
times this become necessary since ETC components can
degrade over time. A lane or antenna may be suspected
of lower than design margin levels if certain anomalies
are noted in the system.
[0046] In accordance with one aspect of the present
application, margin testing may be performed dynami-
cally at highway speeds using real-time ETC data. In
short, transponders mounted in customer vehicles trav-
elling at up to highway speeds through an ETC capture
zone are used to test margin in parallel with regular toll
transaction, on an ongoing, periodic or continuous basis,
instead of an operator closing a lane to perform a spo-
radic static or dynamic margin test. The ETC system ac-
cumulates a pool of candidate transponders that regu-
larly use the particular reader-under-test. This pool of
candidate transponders may be filtered to remove out-
liers. When a transponder enters the particular capture
zone being tested, the reader recognizes it as a candidate
transponder and, in addition to conducting a normal ETC
toll transaction, it conducts a margin test. The margin test
may include applying a predetermined attenuation to the
RF link and sending an attenuated polling signal to the
candidate transponder during at least one of the hand-
shakes. The reader notes whether the transponder re-
sponds to the attenuated polling signal and stores the
test result. The amount of attenuation is varied over mul-
tiple passes through the particular capture zone being
tested, so as to complete a margin test for that trans-
ponder. The reader may compute a moving average of
link margin results from all candidate transponders that
have completed test results for a particular capture zone.
Should the average margin fall below a predetermined
threshold, the reader may generate an alarm to the road-
side controller. The reader may also be configured to
adjust the baseline attenuation level to attempt to main-
tain the average margin at the predetermined level. In
other words, the reader may be configured to take cor-
rective action if it determines that the average margin is
below the predetermined threshold by decreasing a var-
iable attenuator in the RF path. This may be done in ad-
dition to alerting the roadside controller or otherwise out-
putting an alarm or alert signal.
[0047] Reference is now made to Figure 4, which
shows a block diagram of an ETC reader 17. The ETC
reader 17 includes the processor 35, a memory 110, and
four RF modules 24 (shown individually as 24a, 24b, 24c,
and 24d). Each RF module 24 is connected to a corre-
sponding antenna 18 (shown individually as 18a, 18b,
18c, and 18d) by an RF link 112 (shown individually as
112a, 112b, 112c, 112d). The RF link 112 may include

an RF cable, such as a coaxial cable or other cable ca-
pable of transferring RF-level signals without significant
degradation, interference, cross-talk, etc.
[0048] It will be noted that the RF-link 112 includes
fixed attenuators 114 (shown individually as 114a, 114b,
114c, and 114d). The fixed attenuators 114 are selected
and placed in the RF-link 112 to achieve a desired margin
upon installation of the reader 17 and antennas 18. Al-
though shown as a component separate from the reader
17, the attenuators 114 may, in some cases, be internal
to the reader. In some instances, the attenuators 114
may be variable attenuators that have been set on instal-
lation with a selected attenuation value. In some cases,
the attenuators 114 may be variable attenuators that
have a value set by software. In those cases, the atten-
uators 114 may be internal to their respective RF module
24.
[0049] The reader 17 further includes variable attenu-
ators 120 (shown individually as 120a, 120b, 120c, and
120d). The variable attenuators 120 receive a control sig-
nal 122a, 122b, 122c, 122d, respectively, from the proc-
essor 35. The control signal 122 sets the attenuation level
of its respective variable attenuator 120. In some embod-
iments, the variable attenuators 120 and attenuators 114
may be implemented using one variable attenuator for
each RF link 112. In some instances, the variable atten-
uators 120 may be embedded within the RF module 24.
Other mechanisms for implementing a dynamically con-
trollable variable attenuator will be understood by those
ordinarily skilled in the art in light of the present descrip-
tion.
[0050] The variable attenuators 120 each may have a
baseline uplink and downlink attenuation setting, such
that all RF module 24 transmissions (e.g. the poll signal)
use the baseline downlink attenuation level, and all RF
module receive operations (e.g. the transponder re-
sponse) use a baseline uplink attenuation level.
[0051] The reader 17 is configured to perform dynamic
margin testing by dynamically changing the attenuation
(either uplink only, downlink only, or both simultaneously)
applied to an RF-link 112 during at least one poll-re-
sponse handshake with a transponder in the capture
zone. The margin is dynamically tested by applying a
variable attenuation using the variable attenuator 120
and then noting whether a response signal from the trans-
ponder is detected.
[0052] The memory 110 contains a list or collection of
candidate transponder identifiers 130. It also stores test
results 132.
[0053] Reference will now be made to Figure 5, which
diagrammatically illustrates a pattern of handshakes
within a capture zone 26 with a dynamic margin test.
[0054] The vehicle-mounted transponder in this exam-
ple is travelling through the capture zone 26 from left-to-
right in the direction of arrow 200. It will be noted that
when the transponder first enters the capture zone, there
is an initial read 202. During this initial read, the trans-
ponder responds to a detected polling signal from the
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reader by sending a response signal. The response sig-
nal contains at least a transponder ID number for the
transponder.
[0055] Using the transponder ID number, the reader
and/or roadside controller initiates a toll transaction. A
subsequent handshake 204 (in this example, the net one)
in this capture zone includes a read-program-verify
(RPV) operation to update the transponder memory, as
part of the toll transaction. An RPV operation may be
repeated in a subsequent period if the reader determines
that the RPV operation did not succeed.
[0056] The reader also uses the transponder ID
number to determine whether this transponder is one of
the candidate transponders for margin testing. The trans-
ponder ID number is compared to the stored list of can-
didate transponder IDs 130 (Fig. 4). If the transponder is
determined to be a candidate transponder for margin
testing, then the reader prepares to conduct a margin
test during one or more subsequent handshakes in the
capture zone as the transponder passes through. In
some instances, the reader may retrieve stored test result
data associated with the transponder ID number from its
own memory or from memory in the roadside controller
or elsewhere. The stored test result data may indicate
previous margin test results and/or previous margin tests
conduced. In some instances, the reader may perform a
series of margin tests on the same transponder during
multiple visits through the capture zone, wherein each
margin test is conducted at a different attenuation level
so as to identify the attenuation at which the test fails
and, thus, the available RF-link margin.
[0057] The reader continues to execute periodic hand-
shakes 206 with the transponder as it moves through the
capture zone. As some point in the capture zone 26, at
a distance that approximately corresponds to the expect-
ed RF peak location, the reader conducts one or more
margin tests 208. During conditions of high vehicle
speeds there may be few reader-transponder communi-
cation handshakes within the entire capture zone (for ex-
ample in one embodiment at 50 mph there may be only
10-15 communication handshakes), only a single hand-
shake may be designated for a margin test during which
the variable attenuator 120 (Fig. 4) is set to an attenuation
level that is higher than the baseline for a given RF chan-
nel. During conditions of lower vehicles speeds where a
greater number of reader-transponder communication
handshakes are available, the reader may designate two
or more handshakes for a margin test. The reader there-
fore may schedule a variable number of margin tests
based on prevailing vehicle speeds.
[0058] Based on the foregoing description, it will be
appreciated that the margin test involves adding a pre-
determined attenuation to the RF-link and sending a poll-
ing signal. The transponder sends a response signal if it
detects the polling signal. The test result is whether or
not a response signal is received by the reader in reply
to its attenuated polling signal. The test result is stored
in memory in association with the attenuation level and

the transponder ID number.
[0059] The determination of when to test margin may
be implemented in a number of ways. In many cases,
the objective may be to perform a margin test when the
transponder is estimated to be at the peak margin point,
e.g. when the transponder is a distance from the antenna
corresponding to peak 104 in Figure 3.
[0060] The assumed location of the peak margin point
may be based upon the data collected from the initial
measurement of margin on installation and calibration of
the ETC system. The initial margin testing gives a dis-
tance from the antenna at which the peak occurs. In one
alternative, however, the estimate of peak location may
be based upon average peak location for an antenna of
that particular type for that type of installation.
[0061] The determination of when to test margin for a
particular transponder may include estimating when that
transponder is at the estimated peak margin location. To
estimate where the transponder is located within the cap-
ture zone, the reader may rely upon a count of the number
of handshakes. The number of handshakes that it takes
for the transponder to traverse the capture zone of a
pre-determined length gives an indication of travel speed
through the zone. If the peak margin location is estimated
to be at approximately 3 feet from the end of the zone in
a zone 12 feet long (i.e. 75% of the way into the zone),
then the transponder may be assumed to be at the peak
margin location when it has executed three-quarters of
the expected number handshakes. One or more hand-
shakes at or near the three-quarter point may be desig-
nated for conducting a margin test.
[0062] The estimate of the vehicle location may be
based upon vehicle speed. Recent counts of the number
of handshakes while traversing a capture zone per vehi-
cle, such as a moving average for example, give an in-
dication of the average vehicle speed at that time in the
roadway. This may then be used to calculate an approx-
imate time for a vehicle travelling at the average speed
to reach the peak margin point. For example, the reader
may determine that a vehicle travelling at the average
speed will reach the peak margin point at about 50 ms
after the first handshake occurs. On this basis, the reader
may designate one of the handshakes as a margin testing
handshake at around the 50 ms mark.
[0063] The vehicle speed can be determined via a
number of other methods. The reader may be directly
provided with vehicle speed from the roadside controller
30. The roadside controller 30 may receive external in-
formation regarding the vehicle speed. In one instance,
the ETC system 10 may include a timing component that
measures and/or estimates vehicle speed. In another
embodiment, third party information, such as from a high-
way operator or transportation authority may provide in-
put average vehicle speed information. Alternately, as
noted above, the reader may estimate vehicle speeds in
a specific capture zone by computing a moving average
of the handshake counts of the most recent vehicles
passing through a specific capture zone. In another em-
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bodiment, the reader may calculate the moving average
across multiple capture zones, although the reader may
assess whether particular capture zones have average
that deviate significantly, which may indicate a vehicle
speed problem particular to that lane.
[0064] From the vehicle speed, the reader can com-
pute the expected total travel time in the capture zone
(as its length can be pre-determined), and the expected
handshake count. For example if the expected capture
zone transit time is 100 ms and the polling transmission
from a given RF module occurs every 10 ms, the reader
can expect 10 communication handshakes with the
transponder. The reader can therefore estimate location
based on elapsed time or handshake count. In the prior
example, the reader can estimate the location of the
transponder to be half-way into the capture zone when
50 ms has elapsed from the initial communication with
the transponder, or after 5 polling transmissions have
occurred.
[0065] In another embodiment, a relative location of
the peak margin may be determined by capturing the
received signal strength (RSSI) in the receiver block of
the RF module 24 in association with the handshake
count of a specific candidate transponder. For example,
if the reader accumulates 10 handshake counts for a spe-
cific passage of a candidate transponder, and the peak
RSSI is found at the 8th handshake, the peak margin
location can be dynamically determined to be located at
80% into the capture zone. This margin window location
can then be stored in the reader’s memory, and override
the initial pre-determined peak margin location deter-
mined via the static lane tuning process. Note that in this
embodiment, RSSI is not used to measure the margin,
but rather to estimate the timingof the measurement.
[0066] In another embodiment, the number of hand-
shakes to traverse the zone and, thus, the number of
handshakes to reach the peak margin point, is partly
based upon the specific average calculated for the par-
ticular transponder. That is, the reader tracks an average
number of handshakes and stores that number in asso-
ciation with the transponder ID. Thus, each transponder
has its own average number of handshakes to traverse
the zone and the reader can schedule a margin test
based upon an estimate of when this particular trans-
ponder is likely to be at the peak margin point using the
transponder-specific average number of handshakes. In
one embodiment, the transponder-specific average is
used in conjunction with the moving average vehicle
speed to determine a specific vehicle speed. For exam-
ple, if the moving average speed is slower than usual, it
may be an indicator of heavy traffic, which will cause all
vehicles to travel at the slower rate. However, if the mov-
ing average speed is at or near a normal highway speed,
it may indicate relatively free flowing traffic. In that case,
an adjustment for a specific transponder may be made
if the transponder-specific average number of hand-
shakes indicates that the associated driver normally trav-
els faster or slower than the prevailing speed.

[0067] In some embodiments, the margin testing may
be performed over more than one handshake. That is,
the handshakes falling within a particular window of the
capture zone, for example 10% on either side of the peak
margin point, may be designated as margin testing hand-
shakes (e.g. reference 208 in Figure 5).
[0068] Reference is now made to Figure 6, which
shows a method 300 of performing a dynamic margin
test. The method 300 presumes that the reader has a list
of candidate transponder IDs for margin testing stored in
memory. Possible embodiments for generating that list
are described further below. The method 300 begins with
detection of a new transponder in the capture zone in
operation 302. As described above the reader cyclically
polls the capture zones. When a response signal is re-
ceived by one of the antennas the response signal in-
cludes a transponder ID. Based on the transponder ID,
the reader is able to determine whether this transponder
has newly entered the capture zone.
[0069] As shown by operation 304, the reader con-
ducts a normal ETC transaction with respect to the new-
ly-detected transponder. The ETC transaction may in-
clude debiting an account associated with the transpond-
er ID or other such transactions. A roadside reader, re-
mote server, or other equipment may be involved in the
ETC transaction processing. The ETC transaction may
include programming the transponder with new data dur-
ing a subsequent handshake. For example, the reader
may program the transponder to store a transaction
number, a last toll station ID, a time stamp, or other such
data. The ETC transaction may also include determining
lane assignment and providing a transaction report to a
roadside reader. It will be appreciated that aspects of the
ETC transaction may occur after some of the operations
described below, i.e. later in the capture zone.
[0070] The reader also determines whether the new-
ly-detected transponder is one of the candidate trans-
ponders for margin testing in operation 306. This opera-
tion may include comparing the received transponder ID
with the candidate transponder IDs in the stored list of
candidate transponders. If not, then the remainder of the
ETC process continues as usual; for example, in some
embodiments the reader may count further handshakes
for determining lane assignment in a ’voting’ model for
lane assignment.
[0071] If the transponder is a candidate transponder,
then the method 300 continues to operation 308, where-
upon the reader may retrieve transponder margin test
information associated with the particular transponder ID
and RF channel. This information includes the recent his-
tory of previous margin tests, including the attenuation
level used during the test, and the result (communication
successful or not successful).The reader uses the result
from the previous margin test associated with the partic-
ular transponder ID and RF channel in order to determine
the attenuation level for the next margin sample. If the
last margin test was at attenuation level X dB, and the
communication was previously successful at that level,
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the reader selects the next margin sample at a slightly
higher attenuation level (for example X+1 dB). Note that
variable attenuator 120 have different ranges and step
sizes. One embodiment of variable attenuator 120 may
have a 0 to 15 dB range with a step size of 1 dB. Higher
ranges (for example 0 to 31 dB) and smaller step sizes
(for example 0.5 dB) increase the number of samples
required to obtain a result, but offer the benefit of higher
resolution and greater margin measurement range. In
many instances, the margin test involves the progressive
adding of attenuation to the signal path to reduce the RF
level and then the assessment of whether a response
signal is received from the transponder. Accordingly, the
retrieved transponder margin test information indicates
the level of attenuation last tested and the result, if any.
The information may be stored in memory within the read-
er, the roadside controller, or elsewhere. Preferably, the
margin information is non-volatile such that information
gathered over a period of time (e.g. days) is not lost due
to power interruptions.
[0072] In operation 310, the reader conducts a margin
test at a scheduled margin testing point. As per the above
description, the scheduled margin testing point may be
one or more handshakes selected based upon where the
peak margin location is expected to be in the capture
zone. Accordingly, it will be appreciated that a number
of ordinary handshakes may take place between the in-
itial detection of the transponder and the margin test. As
noted above, the estimation of when the vehicle reaches
the peak margin location may be based on average hand-
shake counts, vehicle speed estimates, or other factors.
In one example, the reader either estimates average ve-
hicle speed or is provided a vehicle speed measurement
or estimate from the roadside controller. From the vehicle
speed, the reader can determine the expected number
of handshake counts in the zone, or correspondingly, the
total time for the transponder to travel through the capture
zone.
[0073] The margin test that occurs in operation 310
includes adding a specified attenuation to the RF path
between the RF module and the antenna. The attenua-
tion may be added through configuring a dynamically ad-
justable variable attenuator. The variable attenuator may
be a hardware component internal to the reader, such
as variable attenuators 120 (Fig. 4), or may be external
to the reader but operating under control of the reader.
In either case, the variable attenuator has an attenuation
level set dynamically by the reader and, specifically, the
processor 35 (Fig. 4).
[0074] The amount of attenuation to be applied in any
particular margin test may be specified in a schedule.
The schedule may prescribe the levels of attenuation for
the series of margin tests, in which progressively greater
amounts of attenuation are applied until the transponder
fails to respond. For example, one sample schedule may
specify an initial test attenuation of 0 dB in the first margin
communication handshake, a subsequent attenuation in-
crease of 1 dB for each additional margin communication

handshake, and a termination condition of one failed mar-
gin communication handshake. When the termination
condition is reached the reader is in the position to gen-
erate an RF margin data point for a particular transponder
in a particular capture zone. The schedule may be ar-
ranged based on the attenuation range and step size of
the variable attenuators 120. The stored transponder
margin test information retrieved in operation 308 pro-
vides the most recent level of attenuation used and
whether the test was successful or not, i.e. whether the
transponder responded. A failure to receive a response
may be tested multiple times in some embodiments.
When the transponder fails to respond, the reader may
conclude that the RF link margin is the last level success-
fully tested amongst the test results 132. Over time, many
results can be expected for a particular capture zone.
The reader processor may compute a moving average
of the recent results in order to provide an overall link
margin level for an individual capture zone. In some cas-
es, separate average results can be reported on accord-
ing to known attributes of the transponder. For example,
transponder attributes may include the specific model
type of transponder, the mounting location of the trans-
ponder on the vehicle (e.g. windshield, front bumper),
the vehicle class (e.g. truck, bus, sedan), etc.
[0075] The result of the margin test is then stored in
memory 110 (Fig. 4) in association with the transponder
ID, the capture zone identifier, and the level of the test
attenuation in operation 312. The result may be stored
as part of the transponder margin test information, i.e.
the test results 132 (Fig. 4). In many embodiments the
result is simply whether or not a response signal was
received in reply to the attenuated reader polling signal.
[0076] The reader may be configured to use the aver-
age RF link margin results in order to trigger an alarm
and/or corrective action when the average RF margin
value decreases below a pre-configured minimum mar-
gin threshold. As shown in operation 314, such actions
might include sending an alarm message to the roadside
controller or to another remote device, and/or adjusting
(i.e. reducing) the baseline attenuation level to maintain
a pre-configured threshold.
[0077] It will be understood that the test attenuation
may only be applied for the one or more handshakes that
are designated or scheduled for use in margin testing.
Other handshakes do not involve added attenuation, al-
though it will be understood that the reader may have
been calibrated to have a certain fixed amount of atten-
uation on installation and testing, such as fixed attenua-
tors 114 (Fig. 4).
[0078] Reference will now be made to Figure 7, which
shows an example method 400 for generating the list of
candidate transponders for margin testing. The method
400 may be implemented by a reader or a roadside con-
troller. The method 400 is a process for building and re-
fining a list of candidate transponders for margin testing.
In general, the list may be populated by adding trans-
ponders that the reader detects passing through the toll
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area. Over time, as each individual transponder returns,
the reader may evaluate whether the transponder is a
suitable candidate for margin testing. Those that are suit-
able candidates may be left on the list and marked as
candidate transponders, and those that are deemed un-
suitable may be removed from the list, or marked as un-
suitable. Various factors may influence whether a trans-
ponder is a suitable candidate for margin testing. For
example, it may be preferable to have candidate trans-
ponders that return to the toll area repeatedly, such as a
daily commuter. It may also be preferable to have can-
didate transponders that have a handshake count that is
close to the expected handshake count for the prevailing
vehicle speed. The vehicle speed may be provided by
the roadside controller. Alternately, an average vehicle
speed can be determined by the reader by computing a
rolling average of past total handshake counts through
the capture zone, given that the approximate length of
the capture zone is known. If the number of handshakes
varies widely compared to the current expected average
handshake count, it may indicate a poorly mounted trans-
ponder, or a transponder that the driver holds in his or
her hand when passing through the toll collection area.
A wide variation in handshake count is undesirable as it
has negative impact on the reader’s ability to estimate
when the vehicle and transponder will reach the approx-
imate peak margin vocation. Accordingly, these criteria
and other similar criteria may be used to filter the list of
transponders to arrive at a set of candidate transponders
for margin testing.
[0079] The method 400 begins with detecting a new
transponder in the area, as shown by operation 402. For
the purposes of this example, it will be presumed that the
reader implements the method, although it will be under-
stood that the method 400 may be implemented by the
roadside controller in some embodiments.
[0080] The reader evaluates whether the newly-de-
tected transponder is on the list in operation 404. If not,
then it is added to the list in operation 406. In either case,
the reader stores data in association with the transponder
in operation 408. The associated data may include
number of handshakes completed by the transponder in
the capture zone. This data may be stored in association
with the date and time of the transponder’s visit, and the
transponder ID number.
[0081] In operation 410, the reader evaluates whether
it has a sufficient data set to determine whether the trans-
ponder is a suitable candidate for margin testing. The
size of the data set may be preset in the reader; for ex-
ample, the reader may require 10 or more individual visits
by the transponder to the toll area. In some embodiments,
operation 410 may require a certain number of visits with-
in a preset amount of time, such as 10-15 business days.
If there is an insufficient data set to evaluate the trans-
ponder’s suitability, then the method 400 returns to op-
eration 402.
[0082] If there is a sufficient data set, then in operation
412 the reader assesses the transponder’s suitability by

determining whether the associated data falls within pre-
set normal ranges. This determination may include de-
termining the variability of the remaining readings of the
number of handshakes. In some embodiments, this de-
termination may involve excluding 1-2 outlier readings
when assessing the variability of handshake counts. In
some cases other factors besides handshake count var-
iability may be used to evaluate the suitability of the trans-
ponder. For example, the reader may compute an aver-
age capture zone handshake count or may have a preset
average or normal handshake count, and a transponder
whose particular handshake count deviates from the
norm by more than a threshold amount may be deemed
unsuitable. A large deviation may indicate a transponder
that travels significantly faster or slower than the roadway
average, or that is mounted or configured in such a way
as to amplify or attenuate the RF signals outside of nor-
mal ranges. In some cases, it may indicate a transponder
with degraded or defective parts, such as a low battery,
damaged components, etc.
[0083] If the transponder is determined to be unsuita-
ble for margin testing in operation 412, then in operation
414 the transponder ID may be removed from the list or
otherwise marked as unsuitable so that it does not get
used during margin testing.
[0084] If the transponder is determined to be suitable,
then in operation 416 the transponder ID may be identi-
fied or marked as a candidate transponder for margin
testing. This may include setting a flag or other indicator
in the list of transponders. In some cases, it may include
maintaining a separate list of candidate transponders for
margin testing and adding the transponder to that sepa-
rate list.

Claims

1. A method of testing RF margin in an electronic toll
collection system having a capture zone, the method
comprising:

building a set of stored identifiers for candidate
transponders that visit the capture zone multiple
times;
detecting a transponder within the capture zone
by receiving a response signal from the trans-
ponder that includes a transponder identifier;
determining that the transponder is a candidate
transponder by comparing the transponder
identifier to the set of stored identifiers for can-
didate transponders for margin testing;
if the transponder is a candidate transponder,
conducting a margin test while the transponder
is within the capture zone including sending a
polling signal attenuated by a specified amount
to the transponder, noting whether the trans-
ponder responds thereto, and storing the test
result in association with said transponder iden-

17 18 



EP 2 541 503 B1

11

5

10

15

20

25

30

35

40

45

50

55

tifier;
wherein the amount of attenuation is varied over
at least two visits of the same transponder
through the capture zone, so as to identify the
attenuation at which a margin test fails, and,
thus, the RF margin.

2. The method of claim 1, wherein the electronic toll
collection system includes a reader and an antenna,
and wherein conducting the margin test includes
adding attenuation to an RF link between the reader
and the antenna.

3. The method of claim 2, further comprising retrieving
previous margin test information associated with the
transponder identifier, and wherein adding attenua-
tion includes determining the attenuation level based
upon the previous margin test information.

4. The method of claim 3, wherein the previous margin
test information includes a last attenuation level dur-
ing a most recent successful margin test, and where-
in determining the attenuation level includes increas-
ing the last attenuation level by a step size.

5. The method of any of the claims 2 to 4, wherein add-
ing attenuation includes dynamically attenuating a
polling signal in accordance with a predefined margin
testing schedule.

6. The method of any of the claims 1 to 5, wherein con-
ducting the margin test includes scheduling the mar-
gin test for a selected reader-transponder hand-
shake within the capture zone.

7. The method of claim 6, further including selecting
the selected reader-transponder handshake based
upon an estimated vehicle speed and a predeter-
mined peak margin location.

8. The method of claim 7, further comprising determin-
ing the predetermined peak margin location based
upon a previous transponder visit to the capture
zone, and wherein determining the predetermined
peak margin location includes measuring received
signal strength for each response signal for a series
of response signals in the capture zone from the pre-
vious transponder, and identifying the peak margin
location based upon the handshake corresponding
to the strongest received signal strength measure-
ment.

9. The method of any of the claims 1 to 8, wherein de-
tecting the transponder includes transmitting a poll-
ing signal in reply to which the response signal is
received.

10. The method of claim 9, wherein storing the test result

includes storing data indicating whether the reply is
received.

11. The method of claim 10, wherein the reply is not re-
ceived and wherein, as a result, storing the test result
includes storing a peak margin value based upon an
attenuation level used in a most-recent successful
margin test.

12. The method of claim 11, further comprising calculat-
ing an average RF margin for the capture zone based
upon an average of stored peak margin values col-
lected over a period of time.

13. The method claimed in claim 1, wherein building the
set includes detecting transponders over a period of
time and filtering out transponders that are detected
less than a threshold number of times during the pe-
riod of time.

14. The method claimed in claim 1, wherein building the
set includes detecting transponders over a period of
time and determining an average number of hand-
shakes per visit, and filtering out a transponder with
a handshake count more than a threshold amount
different from the average number.

15. An electronic toll collection system, including a read-
er and an antenna defining a capture zone in a road-
way, wherein the reader is configured to:

build a set of stored identifiers for candidate
transponders that visit the capture zone multiple
times;
detect a transponder within the capture zone by
receiving a response signal from the transpond-
er that includes a transponder identifier;
determine that the transponder is a candidate
transponder by comparing the transponder
identifier to a set of stored identifiers for candi-
date transponders for margin testing;
if the transponder is a candidate transponder,
conduct a margin test while the transponder is
within the capture zone including sending a poll-
ing signal attenuated by a specified amount to
the transponder, noting whether the transpond-
er responds thereto, and storing the test result
in association with said transponder identifier;
wherein the reader is configured to vary the
amount of attenuation over at least two visits of
the same transponder through the capture zone.

16. The system of claim 15, wherein the system further
includes a variable attenuator in an RF link between
the reader and the antenna, and wherein the reader
is configured to conduct the margin test by adding
attenuation using the variable attenuator.
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17. The system of claim 16, wherein the reader includes
a memory storing previous margin test information
associated with the transponder identifier, and
wherein the reader is configured to determine an at-
tenuation level based upon the previous margin test
information.

18. The system of claim 17, wherein the previous margin
test information includes a last attenuation level dur-
ing a most recent successful margin test, and where-
in the reader is configured to determine the attenu-
ation level by increasing the last attenuation level by
a step size of the variable attenuator.

19. The system of any of the claims 15 to 18, wherein
the reader is configured to conduct the margin test
by scheduling the margin test for a selected reader-
transponder handshake within the capture zone and
the reader is configured to select the selected read-
er-transponder handshake based upon an estimated
vehicle speed and a predetermined peak margin lo-
cation.

Patentansprüche

1. Verfahren zum Testen des HF-Verbindungsspiel-
raums in einem elektronischen Mauterhebungssy-
stem mit einem Erfassungsbereich, wobei das Ver-
fahren umfasst:

das Erstellen eines Satzes gespeicherter Ken-
nungen für in Frage kommende Transponder,
die den Erfassungsbereich mehrere Male besu-
chen;
das Erfassen eines Transponders in dem Erfas-
sungsbereich durch Empfangen eines Antwort-
signals von dem Transponder, welches eine
Transponderkennung umfasst;
das Bestimmen, dass der Transponder ein in
Frage kommender Transponder ist, durch einen
Vergleich der Transponderkennung mit dem
Satz gespeicherter Kennungen für in Frage
kommende Transponder für einen Verbin-
dungsspielraumtest;
wenn der Transponder ein in Frage kommender
Transponder ist, das Durchführen eines Verbin-
dungsspielraumtests, während sich der Trans-
ponder innerhalb des Erfassungsbereiches be-
findet, umfassend das Senden eines Abfragesi-
gnals, das um einen spezifischen Grad ge-
dämpft ist, an den Transponder, das Feststellen,
ob der Transponder darauf antwortet, und das
Speichern des Testergebnisses in Verbindung
mit der Transponderkennung;
wobei der Dämpfungsgrad über mindestens
zwei Besuche desselben Transponders im Er-
fassungsbereich so variiert, dass die Dämpfung,

bei der ein Verbindungsspielraumtest fehl-
schlägt, und somit der HF-Verbindungsspiel-
raum identifiziert werden.

2. Verfahren nach Anspruch 1, wobei das elektroni-
sche Mauterhebungssystem ein Lesegerät und eine
Antenne umfasst, und wobei das Durchführen des
Verbindungsspielraumtests das Anwenden einer
Dämpfung auf eine HF-Verbindung zwischen dem
Lesegerät und der Antenne umfasst.

3. Verfahren nach Anspruch 2, ferner umfassend das
Abrufen früherer Verbindungsspielraumtestinforma-
tionen, die mit der Transponderkennung in Verbin-
dung stehen, und wobei das Anwenden der Dämp-
fung das Bestimmen des Dämpfungspegels basie-
rend auf den früheren Verbindungsspielraumtestin-
formationen umfasst.

4. Verfahren nach Anspruch 3, wobei die früheren
Verbindungsspielraumtestinformationen einen letz-
ten Dämpfungspegel während eines jüngsten erfolg-
reichen Verbindungsspielraumtests umfassen, und
wobei das Bestimmen des Dämpfungspegels die Er-
höhung des letzten Dämpfungspegels um eine
Schrittgröße umfasst.

5. Verfahren nach einem der Ansprüche 2 bis 4, wobei
das Anwenden der Dämpfung das dynamisch
Dämpfen eines Abfragesignals gemäß einem zuvor
definierten Verbindungsspielraumtestplan umfasst.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei
das Durchführen des Verbindungsspielraumtests
das Planen des Verbindungsspielraumtests für ei-
nen ausgewählten Lesegerät-Transponder-Hand-
shake innerhalb des Erfassungsbereichs umfasst.

7. Verfahren nach Anspruch 6, ferner umfassend das
Auswählen des ausgewählten Lesegerät-Transpon-
der-Handshakes basierend auf einer geschätzten
Fahrzeuggeschwindigkeit und einer vorbestimmten
Spitzenverbindungsspielraumposition.

8. Verfahren nach Anspruch 7, ferner umfassend das
Bestimmen der vorbestimmten Spitzenverbindungs-
spielraumposition basierend auf einem früheren
Transponderbesuch des Erfassungsbereichs, und
wobei das Bestimmen der vorbestimmten Spitzen-
verbindungsspielraumposition das Messen einer
empfangenen Signalstärke für jedes Antwortsignal
für eine Reihe von Antwortsignalen in dem Erfas-
sungsbereich von dem früheren Transponder und
das Identifizieren der Spitzenverbindungsspiel-
raumposition basierend auf dem Handshake ent-
sprechend der stärksten empfangenen Signalstär-
kemessung umfasst.
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9. Verfahren nach einem der Ansprüche 1 bis 8, wobei
das Erfassen des Transponders das Senden eines
Abfragesignals umfasst, in Reaktion auf welches
das Antwortsignal empfangen wird.

10. Verfahren nach Anspruch 9, wobei das Speichern
des Testergebnisses das Speichern von Daten, die
anzeigen, ob die Reaktion erhalten wird, umfasst.

11. Verfahren nach Anspruch 10, wobei die Reaktion
nicht empfangen wurde und wobei als Ergebnis das
Speichern des Testergebnisses das Speichern ei-
nes Spitzenverbindungsspielraumwertes basierend
auf einem Dämpfungspegel, der in einem jüngsten
erfolgreichen Verbindungsspielraumtest genutzt
wurde, umfasst.

12. Verfahren nach Anspruch 11, ferner umfassend das
Berechnen eines durchschnittlichen HF-Verbin-
dungsspielraums für den Erfassungsbereich basie-
rend auf einem Durchschnitt gespeicherter Spitzen-
verbindungsspielraumwerte, die über einen gewis-
sen Zeitraum gesammelt wurden.

13. Verfahren nach Anspruch 1, wobei das Erstellen des
Satzes das Erfassen von Transpondern über einen
gewissen Zeitraum und das Ausfiltern von Trans-
pondern, die über einen gewissen Zeitraum seltener
als eine Schwellenwert-Anzahl erfasst werden, um-
fasst.

14. Verfahren nach Anspruch 1, wobei das Erstellen des
Satzes das Erfassen von Transpondern über einen
gewissen Zeitraum und das Bestimmen einer durch-
schnittlichen Anzahl von Handshakes pro Besuch
und das Ausfiltern eines Transponders mit einer
Handshake-Zählung, die sich um mehr als einem
Schwellenbetrag von der durchschnittlichen Anzahl
unterscheidet, umfasst.

15. Elektronisches Mauterhebungssystem, umfassend
ein Lesegerät und eine Antenne, die einen Erfas-
sungsbereich auf einer Fahrbahn definieren, wobei
das Lesegerät so konfiguriert ist, dass es:

einen Satz gespeicherter Kennungen für in Fra-
ge kommende Transponder erstellt, die den Er-
fassungsbereich mehrere Male besuchen,
einen Transponder innerhalb des Erfassungs-
bereiches durch Empfangen eines Antwortsi-
gnals von dem Transponder, welches eine
Transponderkennung umfasst, erfasst;
bestimmt, dass der Transponder ein in Frage
kommender Transponder ist, indem es die
Transponderkennung mit einem Satz gespei-
cherter Kennungen für in Frage kommende
Transponder für einen Verbindungsspielraum-
test vergleicht;

wenn der Transponder ein in Frage kommender
Transponder ist, einen Verbindungsspielraum-
test durchführt, während sich der Transponder
innerhalb des Erfassungsbereiches befindet,
welcher das Senden eines um einen spezifi-
schen Grad gedämpften Abfragesignals an den
Transponder, das Feststellen, ob der Transpon-
der darauf antwortet, und das Speichern des Te-
stergebnisses in Verbindung mit der genannten
Transponderkennung umfasst;
wobei das Lesegerät so konfiguriert ist, dass es
den Dämpfungsgrad über mindestens zwei Be-
suche desselben Transponders im Erfassungs-
bereich variiert.

16. System nach Anspruch 15, wobei das System ferner
ein variables Dämpfungsglied in einer HF-Verbin-
dung zwischen dem Lesegerät und der Antenne um-
fasst, und wobei das Lesegerät so konfiguriert ist,
dass es den Verbindungsspielraumtest durch An-
wendung einer Dämpfung unter Nutzung des varia-
blen Dämpfungsgliedes durchführt.

17. System nach Anspruch 16, wobei das Lesegerät ei-
nen Speicher umfasst, der frühere Verbindungs-
spielraumtestinformationen, die mit der Transpon-
derkennung in Verbindung stehen, speichert, und
wobei das Lesegerät so konfiguriert ist, dass es ei-
nen Dämpfungspegel basierend auf den früheren
Verbindungsspielraumtestinformationen bestimmt.

18. System nach Anspruch 17, wobei die früheren
Verbindungsspielraumtestinformationen einen letz-
ten Dämpfungspegel während eines jüngsten erfolg-
reichen Verbindungsspielraumtests umfassen, und
wobei das Lesegerät so konfiguriert ist, dass es den
Dämpfungspegel durch Erhöhen des letzten Dämp-
fungspegels um eine Schrittgröße des variablen
Dämpfungsgliedes bestimmt.

19. System nach einem der Ansprüche 15 bis 18, wobei
das Lesegerät so konfiguriert ist, dass es den Ver-
bindungsspielraumtest durch Planen des Verbin-
dungsspielraumtests für einen ausgewählten Lese-
gerät-Transponder-Handshake innerhalb des Erfas-
sungsbereiches durchführt, und das Lesegerät so
konfiguriert ist, dass es den ausgewählten Lesege-
rät-Transponder-Handshake basierend auf einer
geschätzten Fahrzeuggeschwindigkeit und einer
vorbestimmten Spitzenverbindungsspielraumpositi-
on auswählt.

Revendications

1. Procédé de test de marge de liaison RF dans un
système électronique de perception de péages
ayant une zone de capture, le procédé consistant à :
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construire un ensemble d’identifiants stockés
pour des transpondeurs candidats qui visitent la
zone de capture à de multiples reprises ;
détecter un transpondeur au sein de la zone de
capture, en recevant un signal de réponse du
transpondeur, lequel inclut un identifiant de
transpondeur ;
déterminer que le transpondeur est un transpon-
deur candidat en comparant l’identifiant de
transpondeur à l’ensemble d’identifiants stoc-
kés pour les transpondeurs candidats, à des fins
de test de marge de liaison ;
si le transpondeur est un transpondeur candidat,
mettre en oeuvre un test de marge de liaison,
tandis que le transpondeur se trouve dans la
zone de capture, consistant notamment à en-
voyer un signal d’interrogation atténué d’une
quantité spécifiée au transpondeur, à indiquer
si le transpondeur répond à celui-ci, et à stocker
le résultat du test conjointement avec ledit iden-
tifiant de transpondeur ;
dans lequel la quantité d’atténuation est modi-
fiée sur au moins deux visites du même trans-
pondeur à travers la zone de capture, de ma-
nière à identifier l’atténuation à laquelle un test
de marge de liaison échoue, et, par conséquent,
la marge de liaison RF.

2. Procédé selon la revendication 1, dans lequel le sys-
tème électronique de perception de péages com-
prend un lecteur et une antenne, et dans lequel la
mise en oeuvre du test de marge de liaison com-
prend l’ajout d’une atténuation à une liaison RF entre
le lecteur et l’antenne.

3. Procédé selon la revendication 2, comprenant en
outre l’extraction d’informations de tests de marge
de liaison antérieurs associées à l’identifiant de
transpondeur, et dans lequel l’ajout d’atténuation in-
clut la détermination du niveau d’atténuation sur la
base des informations de tests de marge de liaison
antérieurs.

4. Procédé selon la revendication 3, dans lequel les
informations de tests de marge de liaison antérieurs
incluent un dernier niveau d’atténuation au cours
d’un test de marge de liaison réussi le plus récent,
et dans lequel la détermination du niveau d’atténua-
tion inclut l’augmentation du dernier niveau d’atté-
nuation par un incrément.

5. Procédé selon l’une quelconque des revendications
2 à 4, dans lequel l’ajout d’atténuation inclut l’atté-
nuation dynamique d’un signal d’interrogation selon
une planification de test de marge de liaison prédé-
finie.

6. Procédé selon l’une quelconque des revendications

1 à 5, dans lequel la mise en oeuvre du test de marge
de liaison inclut la planification du test de marge de
liaison pour un établissement de liaison de lecteur /
transpondeur sélectionné au sein de la zone de cap-
ture.

7. Procédé selon la revendication 6, incluant en outre
la sélection de l’établissement de liaison de lecteur
/ transpondeur sélectionné, sur la base d’une vitesse
de véhicule estimée et d’un emplacement de marge
de liaison de crête prédéterminé.

8. Procédé selon la revendication 7, comprenant en
outre la détermination de l’emplacement de marge
de liaison de crête prédéterminé, sur la base d’une
visite de transpondeur précédent dans la zone de
capture, et dans lequel la détermination de l’empla-
cement de marge de liaison de crête prédéterminé
inclut la mesure d’une puissance de signal reçu pour
chaque signal de réponse, pour une série de signaux
de réponse dans la zone de capture, à partir du trans-
pondeur précédent, et l’identification de l’emplace-
ment de marge de liaison de crête, sur la base de
l’établissement de liaison correspondant à la mesure
de puissance la plus élevée du signal reçu.

9. Procédé selon l’une quelconque des revendications
1 à 8, dans lequel la détection du transpondeur inclut
la transmission d’un signal d’interrogation en répon-
se auquel le signal de réponse est reçu.

10. Procédé selon la revendication 9, dans lequel le
stockage du résultat de test inclut le stockage de
données indiquant si la réponse est reçue.

11. Procédé selon la revendication 10, dans lequel la
réponse n’est pas reçue, et dans lequel, par consé-
quent, le stockage du résultat du test inclut le stoc-
kage d’une valeur de marge de liaison de crête basée
sur un niveau d’atténuation utilisé dans un test de
marge de liaison réussi le plus récent.

12. Procédé selon la revendication 11, comprenant en
outre le calcul d’une marge de liaison RF moyenne
pour la zone de capture, sur la base d’une moyenne
de valeurs de marge de liaison crête stockées col-
lectées sur une période de temps.

13. Procédé selon la revendication 1, dans lequel la
construction de l’ensemble inclut la détection de
transpondeurs sur une période de temps et le filtrage
des transpondeurs qui sont détectés avec une fré-
quence inférieure à un nombre seuil d’occurrences
au cours de la période de temps.

14. Procédé selon la revendication 1, dans lequel la
construction de l’ensemble inclut la détection de
transpondeurs sur une période de temps et la déter-
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mination d’un nombre moyen d’établissements de
liaison par visite, ainsi que le filtrage d’un transpon-
deur dont un comptage d’établissements de liaison
est supérieur à une quantité seuil différente du nom-
bre moyen.

15. Système électronique de perception de péages, in-
cluant un lecteur et une antenne définissant une zo-
ne de capture sur une chaussée, dans lequel le lec-
teur est configuré de manière à :

construire un ensemble d’identifiants stockés
pour des transpondeurs candidats qui visitent la
zone de capture à de multiples reprises ;
détecter un transpondeur au sein de la zone de
capture, en recevant un signal de réponse du
transpondeur, lequel inclut un identifiant de
transpondeur ;
déterminer que le transpondeur est un transpon-
deur candidat en comparant l’identifiant de
transpondeur à un ensemble d’identifiants stoc-
kés pour les transpondeurs candidats, à des fins
de test de marge de liaison ;
si le transpondeur est un transpondeur candidat,
mettre en oeuvre un test de marge de liaison,
tandis que le transpondeur se trouve dans la
zone de capture, consistant notamment à en-
voyer un signal d’interrogation atténué d’une
quantité spécifiée au transpondeur, à indiquer
si le transpondeur répond à celui-ci, et à stocker
le résultat du test conjointement avec ledit iden-
tifiant de transpondeur ;
dans lequel le lecteur est configuré de manière
à modifier la quantité d’atténuation sur au moins
deux visites du même transpondeur à travers la
zone de capture.

16. Système selon la revendication 15, dans lequel le
système comprend en outre un atténuateur variable
dans une liaison RF entre le lecteur et l’antenne, et
dans lequel le lecteur est configuré de manière à
mettre en oeuvre le test de marge de liaison en ajou-
tant une atténuation en faisant appel à l’atténuateur
variable.

17. Système selon la revendication 16, dans lequel le
lecteur inclut une mémoire stockant des informations
de tests de marge de liaison antérieurs associées à
l’identifiant de transpondeur, et dans lequel le lecteur
est configuré de manière à déterminer un niveau
d’atténuation sur la base des informations de tests
de marge de liaison antérieurs.

18. Système selon la revendication 17, dans lequel les
informations de tests de marge de liaison antérieurs
incluent un dernier niveau d’atténuation au cours
d’un test de marge de liaison réussi le plus récent,
et dans lequel le lecteur est configuré de manière à

déterminer le niveau d’atténuation en augmentant le
dernier niveau d’atténuation par un incrément de l’at-
ténuateur variable.

19. Système selon l’une quelconque des revendications
15 à 18, dans lequel le lecteur est configuré de ma-
nière à mettre en oeuvre le test de marge de liaison
en planifiant le test de marge de liaison pour un éta-
blissement de liaison de lecteur /transpondeur sé-
lectionné au sein de la zone de capture, et le lecteur
est configuré de manière à sélectionner l’établisse-
ment de liaison de lecteur / transpondeur sélection-
né, sur la base d’une vitesse de véhicule estimée et
d’un emplacement de marge de liaison de crête pré-
déterminé.
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